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bitegmted grid/sdntiUator stractue. 



300 




BNSOOCID: <WO_S8S8389A1J.> 



« 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States pax^ to the PCT on tiie front pages of pamphlets publishing inteinationa] applicatioiis under tfiePCT. 



AL 


AAnfai 


BS 




LS 




SI 




AM 


Ammift 


FI 


rmuiw 


LT 






StafvaUa 


AT 


AitftirU> 


FR 


ftaBoa 


UU 




SN 




AU 


AosttiUa 


OA 


Oabaa 


LV 




sz 




AZ 


AnctMUn 


GB 


unnaa lungaon 


MC 


MonaoD 


TD 


Chad 


BA 


BoBoh nd Hcfuso'viBft 


GB 


Geoqb 


MD 


Rqmblicof MoUovm 


TO 


TOfT) 


BB 


Bsffasdos 


GH 


Ghana 


MG 


MadagaKar 


TJ 


TMDdttan 


BE 




GN 


Ouinaa 


MK 


The former Yugoelcv 


TM 




BF 


Burtrina Pato 


GR 


Greece 




Republic of Macedonia 


TR 


TVlriDQT 


BG 


Bids"^ 


HU 


HuQgaiy 


ML 


MaU 


TT 


^Vlnidad and Ttab^so 


Bl 


Bttiiii 


IB 


Mand 


MN 


Mdogolia 


UA 


UlLialne 


BR 


Brazil 


IL 


»- - -« 
jscaei 


MR 


Mauritania 


UG 


Uganda 


BY 


Bdam 


IS 




MW 


Malawi 


US 


UnHed States of Araerii 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 




CF 


Ccnifai AfiiOBi RcpubUc 


JP 


Japan 


NB 


Niger 


VN 


Viet Nam ^ 


CG 


Coqso 


KB 


Kenya 


NL 


rmnenem 


Yii 




CH 


SwiliBfland 


KG 


. KyisjVHan 


N 




zw 




a 


COtcdTvofae 


KP 




NZ 


NewZealaod 






CM 






RcpubBc of Kona 


PL 


^BfaBld 






GN 




KR 


R^cAOc of Kona 


PT 


PhuisiI 






CU 


Cuba 


KZ 




RO 








CZ 


CtecfaR^abBe 


LC 


Saint Uida 


RU 


RiHaian RcdBiation 






DB 
DK 


Qemmay 


U 
LK 


SriLaaka 


8D 
SB 


Sweden 






BB 




LR 


Liberia 


8G 


Slng^xKB 







wo 98/58389 



PCT/US98a3045 



A METHOD AND APPARATUS FOR MAKING LARGE 
AREA TWO-DIMENSIONAL GRIDS 



Field of the Invention s 

A method and corresponding apparatus for making large 
area focused and unfocused grids adaptable for use with, for 
example, x-ray imaging devices and the like. More 
particularly, the present invention relates to a method amd 
apparatus for making large area grids con^^rising a plurality 
of layers which each include thin metal walls defining 
openings, and which can be stacked on top of each other to 
increase the overall thickness of the grid. 



SUBSTrrUTESHEET (RULE 26) 
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Description of the Related Art: 2 

Large area grids consisting o£ focused and rmfocused 
holes in sheets of metal have many applications • For ~ ~ 
example, the grids can be used as emti- scatter grids in x- 
ray systems and ultra-violet systems. The grids Ccui also be 
used as collimators, x-ray masks and so on. The present 
invention provides methods auid apparatuses for fcdDricating 
and assembling the grids. 

X-ray Anti- scatter Grid for X-ray Imaging 

Systems for forming x-rays images are used in a 
variety of applications, such as in medical diagnostics, 
non-destructive 'testing, air-port security, x-ray 
astronomy, and a variety of scientific and research 
applications . 

Conventional x-ray imaging systems conprise of a 
point x-ray source and a image recording device. The. 
object to be imaged is placed in between the x-ray source 
and the detector. The images are produced by a local 
reduction in the intensity of the primary x-rays produced 
by the x-ray source reaching an imager or photogrraphic 
film as caused by the internal structure of the object 
being imaged which has been placed in their path. These 
local intensity reductions correspond to the distribution 
of absorption (attenuation) in the object imder study. 
The specific amoiint of attenuation by the object depends, 
for example, on its thickness, its chemical composition, 
and the x-ray energy. Such an imaging modality is - 
effective when the interesting con5>onents of the object 
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are either more strongly absorbing, or more weeddy 
absorbing, than the background environment. 

Thus, x-rays can be used in medical applications to 
differentiate healthy tissue, diseased tissue, bone, and 
organs from each other. An anti- scatter grid can be 
applied to most diagnostic x-ray imaging modality. For 
the description below, mammography is used as an example. 

As x-rays interact with tissue, x-rays become 
attenuated as well as scattered by the tissue. Without 
intervention, both the scattered and primary radiations 
from the patient are recorded in a radiographic image. 
Subject contrast and the signal-to-noise ratio of details 
in the image are reduced. For mammography, the typical 
Bcatter-to-primary ratios (S/P) at the image recorder 
range from 0.3 to 1.0. The presence of the scatter can 
cause up to a 50% reduction in contrast, and. up to a 55% 
reduction (for constant total light output from the 
screen) in signal-to-noise ratio as described in an 
article by R. Pahrig, J. ^aainpri2e, N. Robert, A. Rogers 
and MJ Yaffe entitled, "Performance of Glass Fiber 
Antiscatter Devices at Mammographic Energies", Med. Phys. 
21, 1277 (1994) . 

The measured pesUc angle of scatter is about 3* to about 
8* for water, lucite and polyethylene (see, e.g., an article 
by E. P. Muntz, T. Fewell, R. Jennings, and H. Bernstein 
entitled, "On the Significance of Very Small Angle Scattered 
Radiation to Radiographic Imaging at Low Energies", Med. 
Phys. 10, 819 (1983)) and is 6* for a breast phantom (for a 
30 cm X 33 cm block of breast equivalent material, 5 cm 
thick) . Without the anti -scattering grid, the scatter blurs 
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the image, thereby thereby reducing contrast between the 
healthy tissue and the cancerous tissue. Only the x-rays 
propagating in the line from the x-ray source to the 
detector are needed to product a sharp image. Hence, an 
anti-scattering grid is used to reduce or eliminate the 
scattered rays. 

However, the presence o£ the grid, while reducing 
scattered radiation, also leads to cozisiderable attenuation 
of primazry radiation. As a result, for film recording, a 
higher dose is required to maintain the optical density of 
the film at its optimum operating point, to compensate for 
the loss of this primary radiation as well as the rejected 
scattered radiation. The increase in dose is related to the 
Buclcy factor (ratio of the entrsuxce exposiire required with 
the grid to that required without the grid) and is generally 
in the range of a factor of 2 (thin breasts) to 3 (thick 
breasts) for currently available one-dimensional 
mammographic grids. Even ideal grids that transmit all of 
the primary radiation and none of the scattered radiation 
would have a Bucky factor of between 1.3 and 2, depending on 
the thickness of the breast, as described in the FeQirig et 
al article cited adaove. 

The most common auiti- scatter grids are one- 
dimensional arrays of lead lamella, sandwiched between 
more x-ray transparent spacer materials such as aluminum, 
carbon filler or wood (see, e.g., the Fadirig et al 
aurticle) . This type of grid reduces scattered radiation 
and hence inqproves the contrast in the image by reducing * 
scatter in one direction. The typical grid ratio (height 
of grid wall: interspace length) is 4:1 or 5:1. The 
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disadvantages associated with this type of one- 
dimensional grid are the inability to reduce scatter in 
one direction, the additional increase in x-ray dose 
required due to the presence of the spacer materials g^nd 
scatter caused by the spacer materials. For slot scan 
imaging systems, a focused one -dimensional grid will be 
sufficient, because the primary image x-ray is a sheet 
beam. 

For most applications, however, the image x-ray 
source produces a cone beam. For these types of 
applications, it is important to eliminate scatter from 
all directions. The grid wall needs to be two- 
dimensional, not strips, so that it can transmit the 
primary radiation, and also block scattered x-rays from 
all direct ioas. Recently, the Lorad Division of Trex 
Medical of Danbury, Connecticut introduced in the market 
a two-dimensional HTC grid. 

As also discussed in the Fahrig et al article, the 
ratio of scattered to primary radiation (S/P) value for 
the two-dimensional, fiber-optic grids is 3 to 78 times 
lower thcux the S/P ratio measured with a one -dimensional 
grid at mammographic energies . The improved reduction 
would result in higher image contrast. 

X-ray sources for laboratory imaging az*e point 
sources. The sources are located at a relative close 
proximity to the film or detector. Thus, the x-rays 
spreads out like a cone, reaching the film or detector at 
angles dependent on the positions. In order to maximize - 
the transmission of the primary radiation, all the grid 
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openings have to point to the x-ray source. This kind of 
grid geometry is called a focused grid. 

Fp3^ medical dia,gnostics ,. it is important to - have 
focused, two-dimensional grids. Many fabrication methods 
are in development, such as those for producing grids made 
of hollow glass fibers, hollow plastic fibers, micro-channel 
plates, and so on. However, all of these methods have 
difficulties in making a flat, focused, two-dimensional 
grids with precision in a large area. 

Not all x-ray imaging applications recpiire focused 
grids. For example, the desirable x-rays for x-ray 
astronomy is from sources far away euid they approach the 
detector as parallel rays. Ant i- scatter grids are 
required to eliminate x-rays from different soxxrces at 
different location in the sky. Thus, the walls of the 
grid should be parallel so that only x-ray from a very 
narrow angle Ccui be detected. The grids with parallel 
walls are known as an unfocused grid. 

Also, there aire variations of focused and unfocused 
grids, such as a) grids focused in one direction, but 
unfocused in the other direction; b) grids that are 
piecewise focused, and so on. 

Other factors also need to be considered depending 
on the application in which the grid is to be used. 

For example, in film recording, an inf>ortant 
consideration is the percentage of the primary radiation 
that is transmitted by the grid, i.e., the percentage of 
the open area versus the sum of open and grid wall area. * 
For the film application, a decrease of this percentage 
increases the Bucky factor and increases the n cessary 
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dose to the patient For device point of view, the grid 
wall should be as thin as possible for application to 
film recording. 

For digital recording, the grid opening percentage 
should be larger than the fill-factor, defined as the 
charge collection area of a pixel over the whole pixel 
area. The fill-factors of the flat -panel digital x-ray 
detectors currently are not very high. For exan^le, the 
fill-factors are 0.62 for 450 \m pixel pitch, and 0.35 
for 127 pixel pitch, as described in an article by 
E. ^tonuk et al, entitled ""Large Area, Flat-Panel, 
Amorphous Silicon Imagers'", SPZE Vol. 2432, 216 (1995). 

For digital recording, an additional consideration is 
that grid walls should not be covering the pixel area which 
is responsible for charge collection. When the grid walls 
overlap the charge collection area, the percentage of the 
primary radiation could be detected is further reduced, 
leading to an increase of Bucky factor and the need of 
higher dose to the patient. For digital detectors utilizing 
phosphors and P-I-N photo -diodes, the grid walls should not 
cover any part of the photo-diode. For digital detectors 
utilizing direct x-ray to charge conversion, the grid walls 
should not be covering the charge collection electrode. 

In order to accotnplish this, the grid geometry has to 
be able to match the detector pixel shape accurately and 
reproducibly . 

Since the peak angle of the scattered radiation ranges 
from about 3** to about 8*^, the walls of the grid have to be- 
sufficiently high to eliminate the scatter. This requires 
very high aspect ratio for the wall height versus %»11 
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thickness. For exan^jle, with a 150 micron pitch and 20 
micron thick walls, the walls have to be 2,500 microns tall 
to eliminate radiation from angle larger than 3^. The yield 
of thin and high grid walls based on electroplating are too 
low to be practical, because it is difficult to provide 
uniform electroplating rates in very high aspect ratio 
trenches . 

For most medical imaging applications, the size of the 
grid are large. For mammography, the x-ray images are to be 
collected from a 40 cm x 40 cm area. The image sizes for 
lung is even bigger. These sizes are too large to be made 
in one piece, mainly due to the limitation of the yield as 
described above. 

Accordingly, a continuing need esdsts for an improved 
method and apparatus for making large f ociised and unfocused 
grids for use in the applications described above* 

SUMMARY OP THE INVENTION 
An object of the present invention, therefore, is to 
provide a method and apparatus for making large focused 
and unfocused grids that can be used, for example, with 
x-ray imaging systems and the like. This and other 
objects of the present invention are achieved by 
providing a method for making a grid comprising a 
plurality of interlocking pieces. That is, the grid is 
made by a lithographic process to produce the plurality 
of pieces. . The plurality of pieces are then mated * 
together to form a grid. The grid includes a plurality 
of holes such that several grids can be stacked on top of 
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each other with these holes aligned. A metal pin or the 
like can be inserted into other aligning holes in each of 
the grids to thus secure the stacked grids together to 
form a thick grid in which each of the thin grids 
constitute a layer of the thick grid. 

Also, the holes and the walls are peurallel or 
focused to a point. Thus, the fabrication method and 
apparatus according to the present invention can be used 
to make focused, piecewise focused, or unfocused two- 
dimensional grids, or variations thereof. Since the 
proposed grid is produced by lithographic method, it can 
be fabricated to precisely match the pixel sizes and 
shapes of the flat -panel digital detectors. The ability 
to reproduce the grid exactly is very useful for 
integrating with x-ray detectors. Of course, the shape 
of the holes can be varied depending on the applicati«i 
in which the grid is used. 

Also, the height of each layer can be produced with 
an accuracy of ± 1 ^m. Thus, by stacking, the height of 
the grid is xmrestricted. The walls of the metal sheet 
can be made with any variety of materials that can be 
electroplated . 

Since smaller pieces of grids can be made 
accxirately, the method of making a large piece is by 
designing the grid in patterns like a jigsaw puzzle and 
assembling the smaller pieces into a large piece. 

Accordingly, the grid fabrication method described 
here is ideal for digital detector applicatioixs . The - 
proposed grid geometry is laid out lithographically and 
can be made reproducible like the detector. The openings 
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of the grid can be aligned to the photo-diode of the 
digital detector, and the walls of the grid become 
-unnoticeable. _ _ _ _ _ 

Depending on the application, the grid opening shape 
can vary from scpxares to any desirable design or pattern. 
For example, if the grid is being used as em anti- scatter 
grid in x-ray medical imaging, the top view of the 
preferred shape of the holes in the grid is a plurality 
of square shaped holes arrsuiged in regular pattern. 

For medical imaging applications, the grid should be 
flat, so that it matches the flatness of the film or the 
detector. In principle, it is also possible to make grid 
surfaces in other than flat sheets, by applying 
polymethylmethacrylate (PMMA) or photoresist over 
cylindrical surfaces. 

In addition, the holes of one or more layers of the 
euiti -scatter grid produced by the present invention can be 
filled with various materials such as phosphor or the like. 
Since the grids can be reproduced exactly, air-core grids 
with phosphor cores and align them accurately. Grids not 
produced by lithographic methods will have difficulty 
aligning the two layers. Misalignment of the two layers 
would significantly decrease the primary signal. Variations 
in the height of the layers Ccui also be made. Thus, the 
thickness of the phosphor can also be obtained precisely, 
and the grid will act as cin anti-scatter grid/scintillator . 
This anti-scatter grid/scintillator therefore performs the 
functions of (1) eliminating detection of scattered x-rays 
(2) conversion of x-ray to light and ^ (3) improving 
resolution by eliminating cross talk introduced by the light 
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generated by the phosphor. The integrated 

collimator/scintillator can be aligned and boxinded to the 
large area x-ray detector. 

Accordingly, the method and apparatus makes it possible 
to manufacture a two-dimensional grid which can be flat and 
a focused or unfocused grid. The grid can also be made to 
conform to a curved surface. The openings in the grid can 
be air-core or filled with low atomic number adhesive or 
other materials. Also, the patterns and dimensions of the 
grids can be designed and made to match the pixel dimensions 
of flat -panel digital x-ray detectors. The grid wall 
thickness may be as thin as 10 ^m, and thicker walls are 
even easier to make. There is no inherent limitation on 
grid ratio (grid height: inter- space length), and the grids 
are reproducible with precision. 

Furthermore, the grid can be filled with phosphor to 
make anti- scatter grid/scintillator assembly. Also, digital 
detectors typically lose a percentage of the x-rays due to 
£i-^l-factor. The introduction of properly designed and 
aligned grid, as made in accordance with the present 
invention, will not result in additional loss of any primary 
radiation per pixel in a digital detector caused by the 
presence of the grid. 



BRIEF DESCRTPTTO N OF THE DRAWINGS 

These and other features cuid advsmtages of the 
present invention will be more readily apprehended from 
the following detailed description when read in 
connection with the appended drawings, in which: 
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Fig. 1 is a schematic of a perspective view of a 
section of a two-dimensional anti-scatter grid made by a 
method according to an embodiment of the present 
invention; 

Fig. 2 is a schematic of a top view of interlocking 
portions of an anti-scatter grid that are coupled 
together to form a large area two-dimensional anti- 
scatter grid as shown in Fig. 1; 

Fig. 3 shows a top view of the four pieces shown in 
Fig. 2 after being assembled together; 

Fig. 4 shows an enlarged view of mating portions of 
the pieces shown in Fig. 2; 

Fig. 5 shows an enlarged view of mating portions of 
the pieces shown in Fig. 2 being assembled as a three 
piece comer joint; 

Fig. 6 shows an enlarged view of the corner joint 
shown in Fig. 5 after assembly; 

Fig. 7 shows an enlarged view of a different joint 
of the pieces shown in Fig. 2 after assembly; 

Fig. 8 is a schematic of a top view of an embodiment 
of an x-ray filter made in accordance with the present 
invention; 

Figs. 9a and 9b are schematics of exanples of side 
views as viewed in the x-z and x-y planes along lines 
IXa-ZXa and IXb-IXb, respectively, in Fig. 1 of a single 
layer of a focused anti- scattered grid; 

Fig. 10 is a schematic of a side view of an exan^le 
of a single layer of a section of an xinfocused anti- 
scattered grid made in accordance with a method of the 
present invention; 
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Figs. 11a and lib are schematics of a side view of 
stacks of three layers of unfocused and focused anti- 
scatter grids, respectively, in accordance with the 
present invention; 

Pig. 12 is a schematic of a side view of a stacking 
scheme of anti- scattered grids for high energy x-rays 
and/or smaller acceptance angles in accordemce with the 
present invention; 

Pig. 13 shows a top view of a layer of the grid 
filled with x-ray scintallator or phosphor in accordance 
with the present invention; 

Pig. 14 shows a side view of an anti- 
scatter/ scintallator as shown in Pig. 13 as filled with 
conventional phosphor; 

Pig. 15 shows a side view of an anti- 
scatter/scintallator as shown in Pig. 13 as filled with 
columnar phosphor; 

Pigs. 16a and 16b show a top view and side view, 
respectively, of an exan?)le of fixed assembly that is 
used in the assembly of the anti-scatter grid in 
accordance with the present invention; 

Pig. 17 is an example of a mask layout of the four 
grid pieces shown in Pig. 2 which further includes a 
boarder and a variety of pegs; 

Figs. 18a and I8b are enlarged views of the exan^les 
of mask layouts shown in Pig. 17 for types of pegs in 
accordance with the present invention pegs; 

^^3* 1^ shows a top view of the pieces of the grid - 
as shown in Pig. 2 assembled as the fixed assembly shown 
in Pigs. 16a and 16b with the fixed posts; 
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Figs. 20a, 20b, 20c, 20d and 20e eliow an example of 
a method for fabricating a . grid in accordance with the 
present invention which uses a large area parallel x-ray 
sheet source; 

Fig. 21 shows the assembly of two unfocused grid 
pieces fabricated with parallel x-ray source to form a 
piecewise focused grid in accordance with the present 
invention; 

Figs. 22a and 22b show an example of a PMMA. exposure 
method for forming a focused grid according to the 
present invention which uses a thin parallel sheet, and 
an x-ray source which is wide in the x-direction and thin 
in the y-direction so that the grid formed is unfocused 
in the x-z plane and is focused in the y-z plane; 

Figs. 23a and 23b show an example of the PMMA. 
exposure method like that shown in Figs. 22a and 22b 
which uses a small parallel x-ray source to produce a 
focused grid in the x-z plane and in the y-z plane; 

Fig. 24 shows an example of a PMMA exposure method 
which uses a focused point x-ray source to produce a 
focused grid in accordance with the present invention; 

Figs. 25a and 25b show a fabrication method 
according to the present invention which uses a small, 
parallel ultraviolet laser source to produce a focused 
grid in the x-z plsme and in the y-z plane, respectively; 
and 

Fig. 26 shows eui exan^le of a fabrication method 
according to the present invention which uses a focused 
cone beam from am ultraviolet radiation source to produce 
a focused grid. 
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DETAILED DESCRI PTION OF THE PRRFRPPTgn TTMBODIMEWTfi 

The present ixivention provides a method and 
apparatus for making large area, tws-dimensional , high 
aspect ratio, focused or unfocused x-ray anti- scattered 
grids, anti -scatter grid/scintallators , x-ray filters and 
the like. Referring now to the drawings. Fig. i shows a 
schematic of a section of an example of a two-dimensional 
anti -scatter grid 30 produced in accordance with an 
embodiment of a method of the present invention. 

As shown, the x-ray propogates out of a point source 
61 in a cone shape 60. Tha object to be imaged (not 
shown) is position between the x-ray source and the x-ray 
grid 30. The x-ray imager 62 which is, for exanple, a 
digital detector or x-ray film, is placed adjacent and 
parallel or substantially parallel to the x-ray grid 32 
with the x-ray grid between the x-ray source 61 and the 
x-ray imager. Typically, the x-ray grid 30 is 

perpendicular or substantially perpendicular to the line 
63 that extends between the x-ray source and the x-ray 
grid 30. 

To facilitate the description below, a coordinate 
system in which the grid 30 is disposed will now be 
defined. The z-axis is the line 63 that is perpendicular 
or substantially perpendicular to the emti- scatter grid 
and intercepts the point x-ray source 61. The z»0 
coordinate is defined as the top surface of the euiti- 
scatter grid. Line 40 is the x- coordinate, axid line 50 
is th y-coordinate. 
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The grid openings 31 which are defined by walls 32 
are square in this example. However, the grid openings 
can be- any -practical shape as would be appreciated by one 
skilled in the art. The walls 32 are uniformly thick or 
substantially uniformly thick around each opening in this 
figure, but can vary in thickness as desired. The walls 
32 are slanted at the angle that allows the x-rays from 
the point source to propagate through the holes to the 
imager without significant loss. That is, the directions 
in which the walls extend converge or substantially 
converge at the point source 61 of the x-ray. The angle 
at which each wall is slanted in the z direction is 
different from its adjacent wall as taken along the 
directions x and y. 

The desirable dimensions of the x-ray grids depend on 
the application in which the grid is used. For typical 
medical imaging applications, the area of the top view is 
large and the height of the grid is very thin. The 
variation in area and thickness depends on the x-ray energy, 
resolution, image size and the angle of the typical 
scattered radiation. 

For mammographic imaging, for example, the x-ray energy 
is in the range of about 17 kVp to about 35 kVp, but can be 
any level as would be necessary to form a suitable image . 
The distance between the x-ray source and the grid plane is 
usually in the range of 50 to 100 cm but, of course, could 
be any practical distance as would be appreciated by one 
skilled in the art. The measured peak angle of scatter 0 itf^ 
about 3^ to about 8** for water, lucite and polyethylene 
(see, for example, the Muntz et al article discussed above) 
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and is about 6* for a breast phantom (for a 30 cm x 33 cm 
block of breast equivalent material, 5 cm thick) (see the 
Pahrig et al article discussed above) . Without the anti- 
scattering grid, the scatter blurs image reducing contrast 
between healthy tissue cuad cancerous tissue. Only the x- 
rays propagating in the line from the x-ray source to the 
detector are desired to produce a sharp image. 

For mammographic imaging, the dimensions of the grid 
is determined in the following meuiner. 

The field size is determined by the object to be 
imaged. A field size up to about 40 cm by eOxiut 40 cm 
is desirable, but any suitable field size can be tised. 
The field size depends on the imaging system in tise and 
the medical procedure. For example, some procedures 
require only images over small areas as small as few cm*. 

The wall height is determined by the angle 9 of the 
scatter that the grid 30 tries to eliminate. The height 
has to be longer than 1 /tan G, where 1 is dimension of 
the hole. To eliminate scatter from angles G larger than 
4" or about 4* with hole dimensions of 80 (im or about 80 
Jim, wall height has to be at least 1,145 ^m tall. Wall 
height of hundreds of ^m to two or three thousamds of 
are typical for a hole opening of this size. 

The wall thickness is' determined by the x-ray energy 
and the material for the wall. The linear attenuation 
coefficients fi of copper (atomic number Zo29) is fi»303 cm" 
^ at 20 keV, as described in a book by H. E. Johns and J. 
R. Cunningham, !nhe PbyalcB of Radiology, Charles C. 
Thomas Publisher, Springfield, Illinois, 1983. This 
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meeois that the intensity of the x-rays decay by a factor 
of e in a distance of 5=1/^1=33 ^im and the scattered rays 
hit the grid walls with a small angle will be absorbed. 
Hence, a wall thickness of 10 microns or about 10 microns 
is more than sufficient to eliminate the scattered x-rays 
in the 3^-8** range, and a wall thickness of within the 
range of about 5 to about 20 )im are typical. 

The hole dimensions are to be determined by 
considerations such as the percentage of open area and 
the method of x-ray detection. The ratio R of the open 
area is determined by Ro (open area) / (open area + wall 
area) . The percentage of open area should be as large as 
possible for film applications and some digital imaging 
applications. For dimension 1«80 nm, and wall thickness 
of 20 \im, the percentage of the open area is at or about 
R=64%. For a dimension at or about la90 yxa, ^ nri wall 
thickness of at or sODout 10 fim, the percentage of the 
open area is at or about R=:81%. The hole dimension of or 
about SO |im to few hundred of ^m are typical. For 
mammographic applications, the percentage of the ratio of 
the open area R should be as close to 100% as possible. 

In typical application, the anti-scatter grid moves 
in the x-y plane in patterns that will not result in non- 
uniform intensity caused by the shadow of the grid walls. 
When the auiti-scatter x-ray grid can be precisely 
fabricated and aligned with a large area, digital 
detector, movement of the anti-scatter grid is not 
necessary. The ideal open area 31 of the anti-scatter 
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grid should be larger than and completely overlap the 
sensing area of the a pixels of the digital detector. 

For other medical x-ray imaging applications, the x- 
ray imaging systems are different for different parts of 
the body. Some applications are used for taking chest, 
heart and brain x-rays, for example. To produce three- 
dimensional images, a CAT scan has detectors surround the 
body, but each tile of the detector is small in size. The 
x-ray anti- scatter grid has to match the film sizes or 
the detector sizes for these applications. 

Anti -scatter grids for medical applications thus 
cover a wide range of sizes. The grid thickness can be 
from at or about 5 ^m to any desirable thickness. The 
law&r limit of the hole dimension is on the order of or 
about one fun and the upper limit is the size of 
substrates. However, there are rough relationships 
between wall thickness and hole sizes with the layer 
thickness. When the device has 80 jun holes cuid 20 \m- 
thick walls, the layer height of 200 {im is feasible with 
nickel. As the hole size or wall thickness decreases, 
the layer height will have to be reduced. One reason is 
that it is difficult to electroplate thin walls with a 
high aspect ratio without defects. However, a tall 
device can still be constructed by stacking thinner 
layers that can be fsOiricated to the desired total device 
height . 

As stated, the wall thickness can varied depending 
on the application in which the grid is used, and the " 
walls do not have to have uniform thickness. Also, the 
shape of the hole can be varied as long as it does not 
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result in having the walls having in extended sections 
that are thinner than about 5 ^im. Also, the shapes of 
the holes do not have to be regular. Some hole shapes 
that may be practical for anti- scatter applications are 
rectamcrular, hexagonal, circular and so on. 

The walls can be made of any material that can be 
used as sui electroplating material. Materials with high 
atomic number Z are desirable. For instance, the walls 
can include nickel, nickel -iron, copper, silver, gold and 
any other common electroplating materials. 

. A method according to the present invention for 
forming a grid such as that shown in Pig. 1 will now be 
described • 

Pig. 2 shows a schematic of a top view of four 
pieces 100, 110, 120 and 130 of two-dimensional anti- 
scatter grid, such as grid 30 shown in Fig. 1, that can 
be fitted together to form a scpiare- shaped grid. The 
four pieces can be assembled by placing (a) comer 101 
next to comer 121, (b) comer 102 next to comer 112, 
(c) comer 111 next to comer 131, (d) comer 132 next to 
comer 122, (e) spoke 104 against recess 114, (f) spoke 
113 against recess 133, (g) spoke 134 against recess 124 
and (h) spoke 103 against 123. Hence, a large sheet 
constituting the grid can be constmcted with many 
smaller pieces like a jigsaw puzzle. The possible shapes 
of the pieces can be varied as with jigsaw puzzle pieces, 
and naturally, the number of pieces need not be four, but 
can be any practical number depending on the size of the 
sheet to be constmcted. 
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Fig. 3 shows the schematic of the four pieces 100, 
110, 120 and 130 assembled to form a grid like grid 30. 
Fig. 4 shows a close up of, for example, a key azui mate 
configuration of the pieces. In order to produce a good 
key and mate that prevents it from coming lose, the head 
encircled by the dashed curve 140 should be bigger than 
the neck 141. The type of key and mate shown in Figure 4 
is preferable over the key and mate of 102 with 112 or 
key and mate of 113 with 133, but, of course, any 
configuration Ceui be used. 

Fig. 5 shows a possible three piece comer at which 
pieces 100, 120 and 130 mate. The comer 126 fits into 
recess 106; the comer 137 fits into recess 127; the 
comer 129 fits into recess 139 and the spoke 108 fits 
into slot 138. 

Fig. 6 shows a close up view of an example of the 
joint formed by comer 101 and comer 121 after assembly. 
The gap 151 is O.S ^m or about O.S pm. Actually, the 
shape of the mating portions are arbitrary as long as 
they securely interlock so the comer can not move or 
bend. The dimension of gap is preferably O.S \m wide, 
but wider gaps are also acceptable. 

Fig. 7 shows a close up view of the joint formed by 
spoke 108 and recess. 138 . after assembly. The gap 158 is 
0.5 \m or about 0.5 ^m. Actually, the shapes of the 
mating portions are arbitrary as long as they securely 
interlock that the spoke 108 will not slip out of the 
recess 138. 
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There also exist many x-ray applications in which 
the grid according to the present invention can be used 
other t h a n medical imaging. An exanqple is given here: 

For some applications, x-rays patterns of specific 
shape and at a specific location must be selected from a 
large area that is illuminated by the x-ray source. 

Specifically, Fig. 8 illustrates a schematic of an 
x-ray anti-scatter/filter 200 having a pattern of 
openings designated as squares 210 arranged as shown. X- 
rays propagating onto the filter at locations outside the 
squares 210 are blocked by the grid. In this 

application, the percentage of the surface area occupied 
by the holes are small conpared to the surface area of 
the filter. The shape of the holes 210 do not have to be 
sqpiare but can be any shape, such as rectangular, 
circular, octagonal, and so on, as desired. Also, the 
holes can be regularly spaced or, have no particularly 
xmiform pattern. The holes can also be focused or 
unfocused, as are the openings in the grid 30 shown in 
Fig. 1 as described above. The x-ray anti- scattered 
filler 200 can be fabricated in accordance with the 
methods for fabricating a grid as discussed below. 

Turning back to the grid illustrated in Fig. 1, an 
example of a side view of a portion of the focused anti- 
scatter grid in the x-z plane as taken along lines IXa- 
IXa in Pig. 1 is set forth in Fig. 9a. As illustrated, 
this section is tcdcen about the intersection of the x and 
z axes. Hence, the walls 30 are only slanted by a slight 
angle. On the other hand. Fig. 9b illustrates a side 
view of the grid focused in the y-z plane as taken along 
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lines IXb-IXb in Pig. i. Since the section is further 
from the intersection of the y and z axes, the angles at 
which the walls are sleuited are larger than those walls 
closer to the intersection of the y and z axes. 

For some applications, such as astrophysics, the 
focal point is sufficiently far away from the holes so 
that the x-rays are parallel or stibstantially parallel to 
each other. For parallel or substantially parallel x-ray 
sources, the x-ray anti- scatter grid walls should also be 
parallel or substantially parallel as shown in Fig. lO. 
This type of grid is called unfocused anti-scatter grid. 
Some applications are x-ray astronomy and physics 
applications on synchrotron light sources. 

It is noted, of course, that the grid can be focused 
in the x-z pleuie but unfocused in the y-z pleme and vice 
versa. That is, if the grid is focused in the x-z plane, 
the walls are slanted in a manner as shown in Fig. 9a but: 
unlike the walls shown in Fig. 9b, the walls in the y-z 
plane are parallel or substantially parallel to each 
other. Likewise, if the grid is focused in the y-z 
plane, the walls are as shown in Fig. 9b, but unlike 
those shown in Fig. 9a, the walls in the x-z plane are 
instead parallel or substantially parallel to each other. 

The manner in which tall grids are made in 
accordance with the present invention will now * be 
discussed. 

The current electroplating techniques are not 
capable of making tall devices with thin walls in one - 
piece . A method of obtaining a usable tall device 
according to the present invention includes the by 
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stacking of many layers of the grid tog ther using pegs. 
The pegs can hold the layers together. Pig. lla is a 
schematic of a side view of a stack of three layers 70, 
80, 90 of an unfocused anti-scatter grid, smd Fig. lib is 
a schematic of a side view of a stack of these layers 70, 
80 and 90 of a focused anti-scatter grid. The layers can 
be made of the same or similar material or of different 
materials • Stacking of 10 layers of 210 fxm high grids 
has been achieved in accordance with the present 
invention, but as many as 50 or 100 layers or more can be 
stacked when the grid pieces are all fabricated with 
correct dimensions. 

Again, the materials for each layer or parts of the 
layer do not have to be identical. In the stacking 
arrangement shown in Figs. 11 and lib, layer 70, 80 and 
90 can be made of same material, or of different 
materials. In the grid shown in Fig. 2, different pieces 
of the grid can also be made of different materials, if 
desired. 

When the x-ray energy is much higher than 30 keV and 
the scattered x-rays auid backgroimd x-rays have wide 
angular spread, then the grid walls have to be thick. 
Thick walls reduce the transmission of primary desired 
radiation. Ideally, high atomic number materials should 
be used to keep the walls thin so that the ratio of the 
open area can be kept large without increasing the hole 
size. Gold (Z«79) is a good x-ray stopping material. 
However gold is very expensive. If part of the structure 
can be made of less expensive material, such as nickel, 
then the cost of the device can be minimized. 
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Fig. 12 is a schematic of a side view of stacking 
scheme of unfocused anti -scattered grids for high energy 
x-rays. The layers made of higher atomic number material 
are identified as layers 200 those layers made of lower 
atomic number material are identified as layers 210. The 
height H of each layer is the same for exemplary 
purposes. However, the height H of each layer can be 
different. The number of layers in each stacked group is 
shown on the left of Fig. 12. The pattern for the number 
of layers is 

1, 2\ 2\ 2\ 2S-. 

increasing by a factor of two each time. The description 
of this pattern is as follows: 

The lowest layer is 200 followed by 

One (2°) layer of 201, 

Two (2^) layers of 200, 

Four (2') layer of 201, 

Eight (2^) layers of 200, 

smd more layers if necessary. 

Of course, the layers can be stated in any desired 
pattern, and any number of layers can be used. Also, any 
201 type layer can be replaced by a 200 type layer 
without sacrificing reduction of scattered radiation. 
Assuming that the device is terminated with eight (2**"*) 
layers of 200 on top, the angle of transmitted radiation 
is 
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- 1 / (2(1+Z2°)H) < e ^ 1 / (2(1+Z2")H) for n-0 to 3. 

Taking the eight layers of type 200 layer as an exan^le, 
the height of each layers do not have to be identical as 
long as the group can be constructed by any number of 
layers with different heights to give 8H total. 

Also, if desired, the holes of one or more layers of 
the anti-scatter grid can be filled with solid, liquid, 
glue or any other material required for research or 
application . 

Furthermore, if desired, the holes of one or more 
layers of this anti-scatter grid can be filled by 
phosphor or any other materials. Pig. 13 shows the top 
view of a layer of the grid where all the holes are 
filled with x-ray scintallator or phosphor 33. For some 
applications, not all the holes need be filled. 

When the holes eure filled with phosphor, the device 
performs the function of anti-scatter x-ray and x-ray 
scintallator. The phosphors should only be in the hole 
of the bottom layer or bottom layers of the grid stack. 
Pig. 14 shows the side view of two layers of suiti-scatter 
grids setting ahav& a transparent or stibstantially 
transparent substrate 300 (e.g., glass) with the phosphor 
in all the holes of the bottom grid layer 32 and the hole 
of the layer above 31 are open. The grid, of course, can 
be a focused grid or an unfocused grid as described 
above, can be focused in one direction and not in the 
other, or piecewise focused. 



wo 98/58389 



PCT/US98/1304S 



27 

Some phosphors can channel light. Csl is an x-ray 
scintillating material that form columnar crystals 34, 
which act like a light pipe. Other phosphors also have 
this property. Pig. 15 shows the side view of a layer of 
anti-scatter/scintallator with columnar phosphor. Also, 
the grid can be a focused grid or an unfocused grid, 
focused in one direction cuid not in the other, or 
piecewise focused. 

A method according to an embodiment of the present 
invention for forming the pieces of the grid as shown, 
for example, in Fig. 2 will now be described. 

A sxibstrate 308 having a smooth or substantially 
smooth surface and fixed parts 310-321, which are 
feddricated by the same method as the grids (as is 
described below) but not released from the substrate 308, 
can assist the assembly of the grid pieces. This is 
demonstrated using the four pieces of grid shown in Fig. 
2. Fig. 16a shows a top view of substrate 308 having 
fixed parts 310-321. The fixed parts 310-321 are in the 
shape of round posts, but, of course, can be any shape. 
The shape can vary as long as it matches the holes on 
grid pieces 100 i 110, 120 cuid 130 that it is being used 
to assemble together. The height of the post is not 
critical, from few tens of microns to a height not higher 
than about that of the assembled grid. .Fig. 16b shows a 
side view of the substrate 308 illustrating fixed parts 
314 and 321, in particular. The substrate 308 an be 
glass, silicon, ceramic or any other low atomic number 
appropriate for use in microf cJDrication . 
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The edges of the grid pieces 100, 110, 120 and 130 
each have a boarder with holes that engages with the 
fixed parts 310-321 to align and anchor the grid pieces. 
Since it is often not possible to fabricate fixed pieces 
as tall as the assembled grid. The layers of the grid 
have to be held together by pegs. The pegs can be 
fabricated at the same time as the grid pieces. 

Of course, it is noted that a substrate 308 having 
fixed ports 310-321 need not be used in assembling the 
layers of the grid or stacking the layers of the grid. 
Also, the substrate 308 can be left to remain on the 
assembled layer or stacked layers if desired, or remove 
after stacking and assembly. 

Pig. 17 is a mask layout of the four grid pieces 
shown in Pig. 2, each of which having a boarder. It is 
noted that a variety of pegs (as indicated by mask 
portions 400 and 401 can be present on the mask layer and 
thus be formed with the grid pieces. Enlarged views of 
the mask portion 400 and 401 used in forming the pegs 402 
and 403 are shown in Fig. 18a and 18b, respectively. The 
width 410 of peg 400 must match or substantially match 
the narrow width of the hole 514. In this example, the 
width 410 matches or substantially matches width 517. 
The height of the peg 420 should be greater than the 
height of a single layer of the grid H. The thickness of 
the peg must match or substantially match the length of 
the hole 514. In this example, the thickness of the peg 
has to match or substantially match length 516. Por the 
best fit, the peg's dimensions should allow 0.5 |im or 
about a 0.5 ^m tolerance on all sides between the walls 
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defining the opening in which the peg is inserted and the 
outer surface of the peg. When the peg is too small, the 
grid pieces will move around thus making it difficult to 
assemble the grid. Otherwise, the shape of the pegs is 
arbitrary . 

When the grid is being assembled, the post 310 will 
go in hole 510, the post 311 will go in hole 5ii, the 
post 312 will go in hole 512 and the post 313 will go in 
hole 513. After the four pieces are assembled on the 
fixed parts, the grid will look like a single grid 30, a 
top view of which is shown in Fig. is. when the number 
of pieces is small and the interlock is good, then the 
fixed pieces will not be necessary. 

The methods according to the present invention for 
manufacturing the grids and grid pieces discussed above 
(as shown, for exat^le, in Pig. i, 2 and 17) will now be 
discussed. The first fabrication methods are based on 
the techniques that developed by Prof. Henry Guckel at 
University of Wisconsin at Madison called SLIGA. 

SLXGA Fabrication Method 

The acronym SLIGA stands for surface micromachining 
and LIGA. SLIGA is primarily advanced by Prof. Henry 
Guckel of the University of Wisconsin, as described in an 
article by H. Guckel, K.J. Skrobis, J. Klein, and T. R. 
Chris tenson, entitled "Micromechanics via X-Ray Assisted 
Processing," J. Vac. Sci. Technol. A 12, 2559 (1994), and 
U.S. Patent Nos. 5,206,983, 5,190,637, 5,378,583, - 
5,496,668, and 5,576,147, all to Guckel or Guckel et al. , 
and all of which are incorporated herein by reference. 
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LIGA is a German abbreviation of the three major process 
steps, lithography, electroplating and molding. LIGA was 
initially developed at the Karlsruhe Nuclear Research 
Centre (KfK) in the late 1970s, as described in an 
article by E. W. Becker, W. Ehrfeld, P. Hagraaxm, A. Maner 
and D. Munchmeyer, Fabrication of Microstructures with 
high aspect ratios and great structural heights by 
synchrotron Radiation Lithography, Galvanof orming, and 
Plastic Molding (LIGA Process),'' Microelectron. Eng. 4, 
35 (1986) . 

The processing steps of SLI(3A are now described with 
regard to Figs. 20a-20e. 

(a) An x-ray mask 730 is designed and made. The 
regions of the mask transparent or 
sxibstantially transparent to the x-rays will be 
regions where the metal 740 will be 
electroplated. The other parts are masked by a 
thin layer of gold or any other suitable metal. 

(b) A wafer 720 is covered by a thin coating of the 
appropriate, electroplating metal (not shown) . 
A layer of x-ray resist 720 slightly thicker 
than the desired grid layer height is attached 
above the metal layer. In most experiments 
polymethylmethacrylate (PMMA) is used as the X- 
ray reidist. 

(c) The absorber pattern of an x-ray mask 730 is 
transferred into a resist by x-ray shadow 
projection, as shown in Figs. 20a and 20b. 
Synchrotron radiation 700 is used because of 
its very high collimation, high flux and short 
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wavelength. Within the irradiated sections of 
the resist layer the polymer chains are 
destroyed, reducing the molecular weight. Of 
course, any radiation can be used that is 
sufficient to achieve this effect. During the 
subsequent development step, the esqposed resist 
is selectively dissolved while the un- 
irradiated parts remain unchanged, as shown in 
Pig. 20c, The unexposed regions of the resist 
were covered during irradiation by the gold 
absorbers of the mask. 

(d) Electroplating is then be used to build up the 
metal 740 in the exposed pattern region of the 
non-conducting resist. The common metals are 
nickel, nickel -iron, copper and gold, but of 
course, any metal or combination of metals can 
be used. Metal growth begins on the 
electrically conducting base plate, as shown in 
Fig. 20d. 

(e) The wafer is polished tp the desirable metal 
thickness with an accuracy of ± l ^m or 
thereabout. 

(f) The resist 710 is removed and the metal parts 
740 are released from the wafer substrate 720, 
as shown in Fig. 20e. 

For manufacturing, it is not be practical to use a 
3keV x-ray source such as that present at the University 
of Wisconsin for the following reasons: (i) the x-ray * 
mask for 3 keV x-ray energy is difficult to madce, (ii) 
there is no known method to raaOce a large x-ray mask for 3 
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keV x-ray energy, (iii) the cost of the x-ray source is 
high and (iv) there are no simple x-ray optics. 

The National Synchrotron Light Source at Brppkhaven 
National Laboratory produces 18.5 keV x-ray. Because of 
the higher energy x-rays, it is possible to make large 
masks. Wafer sizes of 15 cm x 15 cm are thus possible. 
A stack of PMMA can be exposed at the same time, as 
described in an article by H. Guckel, T. R. Christenson, 
J. Klein, T. Earles, S. Massoud-Ansari, entitled ''Micro 
Electromagnetic Actuators Based on Deep X-Ray 
Lithography*, International Symposium on Microsystems, 
Intelligent Materials and Robots, Sendai, Japan, 
September 27-29, 1995. For example, 50 layers of 200 
thick PMMA sheets can be stacked and exposed 
simultaneously. Thus the cost for exposure is only 
$0.1/cm^ for 10,000 fim thick stack. The Advanced Photon 
Source at Argonne National Laboratory is also a very high 
flux x-ray source. Many other light sources will also be 
available . 

These x-rays light sotirces are parallel sheet beams. 
They are best suited for making an iinf ocused grid, a 
focused grid in one direction, or a piecewise focused 
grid. Of course, cuiy other suitable x-ray source can be 
used. 

The parallel x-ray sources cannot make a perfect 
focused grid. Piecewise unfocused grid assembled 

together csui mimic a focused grid when the pieces are 
small. In Fig. 21, grid 600 is a unfocused grid with 
walls slanted at an cuigle of 20** or about 20** and grid 601 
is the neighboring unfocused grid with walls slanted at 
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an angle of 21* or about 21". When the change in the angle 
is small, the assembled grid acts as an focused euxti- 
scatter grid. If the pieces are small enough, then the 
difference between a ideally focused grid and grid 
assembled by this method can be minimized. Each layer of 
the grid will require a different mask. All the masks at 
the same x-y location can be exposed at the same time. 
The mask and PMMA has to be positioned at the correct 
angle with respect to the thin sheet x-ray beam 700, as 
shown in Figures 22a cuid 22b. 

A piecewise focused grid can also be assembled from 
small pieces of grids that are focused in one direction 
and xinfocused in the other direction. 

Depending on the location of the mask in the grid 
that is to be exposed, the mask 730 and the substrate 720 
are at an angle (|> relative to the x-rays 700 in the x-z 
plane as shown in Fig. 22a and at an angle a relative to 
the x-rays 700 in the y-z plane as shown in Fig. 22b. In 
the y-z pleuie, the mask 730 and the substrate 720 will 
translate in y and rotate in a to simulate a focused x- 
ray source at a fixed imaginary point 62. This method is 
ideal for making grids focused in one direction or 
piecewise focused grids. To minintize the gap in a 
piecewise focused grid produced by parallel x-ray beams 
in Fig. 22a, the grid piece layout should be thin in the 
x-direction relative to the y-direction. Rectangular 
hole openings with the long dimension in the x-direction 
may be a good design for this x-ray source. After resist ~ 
exposure, the fabrication steps are the same as shown in 
Figs. 20c, 20d and 20e. 



BNSOOaO: <«VO_«8S8389AIJ_> 



wo 98/58389 



PCT/US98/13045 



34 

Powerful x-rays soiirces in the form of a thin pencil 
beam 701, such as free electron lasers, are under 

_develQpmentj> These_ ._s_ources_ „can. _be_ .used _t o. _ escpose the 

mask and PMMA. by positioning the mask 730 and the 
substrate 720 at the correct location and ouigle with 
respect to the x-ray source and move it appropriately to 
simulate a cone shaped x-ray source at a fixed imaginary 
point G2, as shown in Fig. 23a for the x-z plane and as 
shown in Fig. 23b for the y-z plane. The exposure times 
depends on the average flux of the x-ray source. After 
resist exposure » the fabrication steps are the same as 
shown in Figs. 20c, 20d and 20e. 

High flux, laboratory sized, focused point:, x-ray 
source are under development for x-ray lithpgraphy. The 
exposure method is shown in Fig. 24. If the divergence 
of the x-ray 702 source is not sufficiently large to 
cover the size of the assembled gird, then the mask 730 
and the substrate 720 will have to be moved to expose 
different: parts of the mask. However, no motion is 
required during the esqposure of the individual pieces. 
After resist esqposure, the remaining fabrication steps 
are the same as shown in Figs. 20c, 20d and 20e. 

Conceptually, the fabrication based on 

electroplating could also be obtained using near-UV 
lithography. Ultra-thick resist is becoming available. 
A single-layer resist 80 ^im to 1200 fim thick suad have 
successful reproduced esqposures at laser wavelength of 
400 nm. This resist shows the promise as the foun d ation 
of an optical-lithography-based electroplating process. 
Currently, the vertical pattern fidelity of the UVresist 
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is not as good as x-ray lithography. The critical 
dimensions that required to be accurate are at the top of 
each grid layer. Thus, DV lithography will still allow 
accurate assembly. 

The DV photo resist exposure method to obtain a 
focused grid is shown in Figs. 25a and 25b with small, 
parallel ultraviolet laser source 703. Similar to x-ray 
exposures shown in Pigs. 23a and 23b, the mask has to be 
located at the correct position cuid angle, and the 
assemble of mask and the photoresist have to be moved 
during the exposure to simulate the cone shape of the x- 
ray source located at a fixed imaginary point 64. The 
resist development will follow the recommended steps 
specified by the resist supplier. The electroplating 
method will be the same or similar to that as shown in 
Fig. 20d. 

The DV photo resist exposure method to obtain a 
focused grid is shown in Fig. 26 with a focused 
ultraviolet radiation source located at 65. The mask has 
to be located at the correct position, but the mask and 
the photoresist do not have to be moved during the 
exposure if the DV light 704 divergence angle is 
sufficiently large to cover the whole grid area. The 
resist development will follow the recommended steps 
specified by the resist supplier. The electroplating 
method will be the same or similar to that as shown in 
Fig. 20d. 

Although only a few exemplary embodiments of this 
invention have been described in detail above, those skilled 
in the art will readily appreciate that many modifications 
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are possible in the exemplary embodiments without materially 
departing from the novel teachings and advantages o£ this 
invention. Accordingly, all such modifications are intended 
to be included within the scope of this invention as defined 
in the following claims. 
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What is claimed ia. 

1. A method for making a grid, comprising at least one 
layer having a plurality of walls defining openings therein, 
and being adaptable for iise with X-ray or DV devices, the 
method comprising the steps of: 

applying a resist coating onto a substrate; 

covering the resist with a mask having a plurality of 
apertures therein; 

irradiating rays of energy onto the mask, such that some 
of the rays of energy enter at least some of the apertures in 
the mask at an entering angle other than O* with respect to a 
front surface of the mask and strike portions of the resist; 

removing the portions of the resist that were irradiated 
by the rays of energy to create openings in the resist; and 

introducing material into the openings in the resist 
such that the material forms the walls of the at least one 
layer of the grid. 

2. A method as claimed in claim 1, wherein the 
irradiating step comprises the step of positioning the front 
surface of the mask at a tilted angle other than 0* with 
respect to a direction of propagation of the rays of energy 
to cause the rays of energy to enter the at least some of the 
apertures in the mask at the entering angle. 

3. A method as claimed in claim 1, wherein the rays of 
energy are X-rays, and the resist is an X-ray resist. 
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4 . A method as claimed in claim 1 , wherein the rays of 
energy are UV rays, and the resist is a DV resist. 

5. A method as claimed in claim 1, wherein the 
introducing step comprises the step of electroplating the 
material into the openings in the resist. 

6. A method as claimed in claim 1, wherein the 
introducing step coit5)rises the step of introducing the 
material dLnto the openings in the resist such that the 
material forms separate portions which are adaptable to be 
coupled together to form a said layer of the grid. 

7. A method as claimed in claim 6, further comprisdLng 
the step of coupling the separate portions of the layer 
together to form said layer of the grid. 

8. A method as claimed in claim 1, further comprising 
the steps of: 

repeating the applying, covering, irradiating, removing 
and introducing steps to form another Sed.d layer of the grid; 
and 

stacking the layers of the grid such that walls of the 
layers are substantially aligned so that the openings in fh e 
layers are substantially aligned to form openings which pass 
entirely through the grid. 

9. A method as claimed in claim 7, further comprising^ 
the steps of: 
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repeating the applying, covering, irradiating, removing, • 
introducing and coupling steps to form another said layer of 
the grid; and 

stacking the layers of the grid such that walls of the 
layers are sxibstantially aligned so that the openings in the 
layers are substantially aligned to form openings which pass 
entirely through the grid. 

10. A method as claimed in claim 1, further coitprising 
the step of filling at least some of the openings in at lesu9t 
some of the layers of the grid with a material which is 
adaptable to scintillate x-rays. 

11. A method as claimed in claim 10, wherein the 
material filled in the openings in the filling step is one of 
phosphor or Csl. 

12. A method as claimed in claim 7, wherein the 
coupling step coit^jrises the step of coupling the separate 
portions of the grid together on a substrate. 

13. A method as claimed in claim 7, wherein the 
coupling step comprises the step of gluing the separate 
posrtions together. 

14. A method as claimed in claim 8, wherein when the 
introducing step is being repeated, the material introduced 
in the openings is different than the material introduced- 
into the openings when first performing the introducing step. 
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and wherein the layers of different materials are stacked on 
each other during the stacking step* 

15. A method for making a grid, comprising at least one 
layer having a plurality of walls defining openings therein, 
and being adaptable for use with X-ray or DV devices, the 
method comprising the steps of: 

applying a resist coating onto a substrate; 

covering the resist with a mask having a plurality of 
apertures therein; 

irradiating rays of energy onto the mask, such that some 
of the rays of energy enter the apertures in the mask and 
strike portions of the resist; 

removing the portions of the resist that were irradiated 
by the rays of energy to create openings in the resist; and 

introducing material into the openings in the resist 
such that the material forms separate portions of the grid 
which are adaptable to be coupled to each other to form the 
walls of the at least one layer of the grid. 

1€. A method as claimed in claim 15, wherein the rays 
of energy are X-rays, and the resist is an X-ray resist. 

17. A method as claimed in claim 15, wherein the rays 
of energy are DV rays, and the resist is a UV resist. 

18. A method as claimed in claim 15, wherein the 
introducing step comprises the step of electroplating the^ 
material into the opendLngs in the resist. 
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19. A method as claimed in claim 15, further comprising 
the step of coupling th separate portions of the layer 
together to form the at least one layer of the grid. 

20. A method as claimed in claim 19, fxirther comprising 
the steps of: 

repeating the applying, covering, irradiating, removing, 
introducing and coupling steps to form another said layer of 
the grid; and 

stacking the layers of the grid such that walls of the 
layers are substantially aligned so that the openings in the 
layers are substantially aligned to form openings which pass 
entirely through the grid. 

21. A method as claimed in claim 15, further comprising 
the step of filling at least some of the openings in at least 
some of the layers of the grid with a material which is 
adaptable to scintillate x-rays. 

22. A method as claimed in claim 21, wherein the 
material filled in the openings in the filling step is one of 
phosphor or Csl. 



23. A method as claimed in claim 19, wherein the 
coupling step comprises the step of coupling the separate 
portions of the grid together a siibstrate. 

24. A method as claimed in claim 19, wherein the 
coupling step comprises the step of gluing the separate 
portions together. 
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25. A method as claimed in claim 20, wherein when the 
introducing step is beijig repeated, the material introduced 
in the openings is different than the material introduced 
into the openings when first performing the introducing step, 
and wherein the layers of different materials are stacked on 
each other diiring the stacking step. 

26. A grid, adaptable for use with sua X-ray or UV 
devices, comprising: 

at least one layer comprising: 

top and bottom surfaces; and 

a plurality of walls, extending from the top to 
bottom surface suid defining openings in the layer, at least 
some of the walls extending at an angle other ^Haw with 
respect to the top and bottom surfaces such that the 
directions in which the walls extend are adaptable to all 
converge at a point in space at a predetermined distance from 
the front surface of the at least one layer. 

27. A grid as claimed in claim 26, further comprising a 
plurality of said layers which are adaptable to be stacked on 
top of each other such that walls of the layers are 
substantially aligned so that the openings in the layers are 
substantially aligned to form openings which pass entirely 
through the grid. 

28. A grid as claimed in claim 26, wherein the at least 
one layer comprises a plurality of sections, each including a 
portion of the top and bottom surfaces . anH some of said 
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walls, said sections being adaptable to be coupled together 
to form a said at least one layer. 

29. A grid as claimed in claim 27, wherein each of the 
plxirality of layers comprises a plurality of sections, each 
including a portion of the top and bottom surfaces and some 
of said walls, said sections being adaptable to be coupled 
together to form a said at least one layer. 

30. A grid as claimed in claim 26, wherein at least 
some of the openings in at least some of the layers of the 
grid are filled with a material which is adaptable to 
scintillate x-rays. 

31. A grid as claimed in claim 30, wherein the material 
filled in the openings is one of phosphor or Csl. 

32. A grid as claimed in claim 28, wheredLn the separate 
sections of the grid are coupled together on a substrate. 

33 . A grid as claimed in claim 28, wherein the separate 
sections are glued together. 

34. A grid as claimed in claim 27, wherein some of the 
layers are made of material different from the material of 
which other of the layers are made, and wherein the layers of 
different materials are stacked on each other. 

35. A grid, adaptable for use with X-ray or DV devices, 
con^rising: 
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at least one layer comprising a plurality of sections, 
each including a top and bottom surface and a plurality of 
walls extending from the top to bottom surface and defining 
openings in the sections, the plurality of sections being 
adaptable to be coupled together to form the at least one 
layer such that the top and bottom surfaces of the sections 
form a top and bottom sxirface, respectively, of the at least 
one layer, and the walls of the sections collectively 
constitute the walls of the at least one layer. 

36. A grid as claimed in claim 35, wherein at least 
some of the walls of each of the sections of the at least one 
layer extend at substantially 0<> with respect to the top and 
bottom surfaces of their corresponding section such that the 
directions in which the walls extend are sxibstantially 
parallel with each other. 

37. A grid as claimed in claim 35, wheredLn at least 
some of the walls of each of the sections of the at least one 
layer extend at an angle other than substantially 0<» with 
respect to the top and bottom surfaces of their corresponding 
section such that the directions in which the walls extend 
are adaptable to all converge at a point in space at a 
predetermined distsuice from the front surface of the at least 
one layer. 

38. A grid as claimed in claim 35, further conprising a 
plurality of said layers which are adaptable to be stacked on^ 
top of each other such that walls of the layers are 
substantially aligned so that the openings in the layers are 
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substantially aligned to form openings which pass entirely 
through the grid. 

39. A grid as claimed in claim 35, wherein at least: 
some of the openings in at least some of the layers of j-he 
grid are filled with a material which is adaptable to 
scintillate x-rays. 

40. A grid as claimed in claim 39, wherein the material 
filled in the openings is one of phosphor or Csl. 

41. A grid as claimed in claim 35, wherein the separate 
sections of the grid are coupled together on a substrate. 

42. A grid as claimed in claim 35, wherein the separate 
sections or the grid are glued together. 

43. A grid as claimed in claim 38, wherein some of the 
layers are made of a material different than the material of 
which other of the layers are made, and wherein the layers of 
different materials are stacked on each other. 
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Fig. 4 



BNSOOCIO: ^VVO_985B389A1J.> 



98/58389 



PCT/US98/13045 




wo 98/58389 



PCTAJS98/13045 . 




PCTAJS98/1304S 



7/26 




Fig. 7 



SUBSTnUTE SHEET (RULE 26) 



wo 98/58389 PCT/US98/13M5 



8/26 



□ 
□ 



□ 


□ 




□ 


□ 


□ 


□ 


□ 


□ 


210 


□ 



200 



Fig. 8 



BNSOOaO: ^«WO_g85e389A1J.> 



98^89 



PCT/US98/13045 




Fig. 9b 



wo 98/58389 



PCTAJS98/13a45 



10/26 



30 



Fig. 10 



BNSOOCIO: <WO_985B38»A1J.> 



wo 9R/58389 



PCT/US98/13045 



11/26 




Fig. lib 



wo 98/58389 



PCT/US98/13045 



12/26 







PI 




























g - 


, i 




























8 




55 
2S 


5? 
8 


is 



^^200 



BNSDOaCh <WO_98S838»A1J.> 



wo 98/58389 



PCTAJS98/1304S 




wo 98/58389 



PCT/US98/13045 



14/26 




Fig. 14 



BNSDOaO: <WO_9858389A1_L> 



wo 98/58389 



PCT/US98/13045 



1 5/26 




Fig. 15 



PCT/US98/13045 



16/26 



321 



320 



319 




314 



315 



316 



Fig. 16a 




321 

/ 


314 




1 


1 


1 ] 1 



308 



Fig. 16b 



BNSDOCID: <VVO_98S8380A1J_> 



wo 98/58389 PCT/US98A3045 . 




SUBSTITUTE SHEET (RULE 26) 



wo 98/58389 



PCT/US98/13045 



18/26 




Fig. 18a t 




Fig. 18 b 



SUBSTITUTE SHEET (RULE 26) 



wo 98/58389 



PCTAJS98/13045 



19126 




30 



Fig. 19 



8UBSTrrUTESHEEr(RULE26) 



■ • 



wo 98/58389 



PCT/US98/13045 



20/26 



700 



700 

r 



720 



Fig, 20a 



Fig, 20b 



r^nrn r — ii — i 



7^^ 



Fig. 20c 



710 7.40 z 740 




Fig, 20d 



740 
I I ■ I 



BNSOCX^O: <WO_985B389A1J.> 



wo 98^8389 



PCTAJS98/13045 . 



21/26 



600 61 0 

Fig. 21 



wo 98^58389 



PCTAJS98/13045 



22/26 




Fig. 22a Pig 22b 



BNSDOCIO: <WO_98Sa388A1 



wo 98/58389 PCT/US98/13045 




Fig. 23a Fig. 23b 



wo 98/58389 ^ 

PCTAJS98/13045 



24/26 




BNSOOaO: <VVO_9858389A1J_> 



wo 98/58389 



PCTAJS98/13045 



25/26 




Fig. 25a 



Fig. 25b 



wo 98^89 



PCT/US98/13045 



26/26 



65 





704 



710 



731 

--A^ I 



-^ 

720 



Fig. 26 



BNSOOCIO: <WO_985B3a9A1J.> 



INTERNATIONAL SEARCH REPORT 



International applicatiott No. 
PCT/US98/i3045 



A. CLASSinCATlON OF SUBJECT MATTER 
IPC(6) :G21K 1/00 
USCL :378/l54 

According to International Patent Classification (IPC) or to both national classificati n and IPC 

B> FIELDS SEARCHED . 

Minimum documentation searched (classification-system followed by-classification symbols) 
U^. : 378/154 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
NONE 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
NONE 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category^ 


Citation of document, with indication, where appropriate, of die relevant passages 


Relevant to claim No. 


X 


US 5,418.833 A (LOGAN) 23 May 199S (23.05.95). see the entiie 


1.2.4-7.15. 17- 




document. 


19.26.28. 35-37 


Y 










3,8-14.16.20- 






25.27.29-34.38-43 


Y 


US 5,231.654 A (KWASNICK et al) 27 July 1993 (27.06.93). see 


8,9.14.20.25.27, 




the entire document. 


29.34.38.43 



I I Further documents are listed in the continuation of Box C. See patem family annex. 



•E- 
-o- 

■P" 



of ciied 

doaimcni defintnt the gencfil state of ttic »n which is not eoniidcral 
to be of paniGuUr relevance 

earlier docament publtihed on or after ihe tntemaiional filing date 

document which may dirow dotibu on prtoriiy claint(f) or which is 
cited to establiih the publication date of anodker citation or other 
ipcctal fcason (as ipecifled) 

document referring to an oral disclosure, use. exhibition or other 



later document published after the imematioiial filing < 
date and not in conflia with the application but cited m 
prittc^le or theory undertying the invention 

documeiu of parucular relevance: the claimed invention < 
considered novel or cannot be considered to involve an inventive sttp 
when the docurocm is taken i ' 



document published prior to the intemacionai filing date but 
die priority date claimed 



later than 



documem of particular relevance; the claimed invention 
considered to involve an inventive step when the 
combined with one or more other such documents, such 
being obvious to a person skilled in dw ait 

document member of the same patent family 



Date of the actual completion of the intematt nal search 
26 AUGUST 1998 


Date f mailing of the international search report 

260CT199a— , /7 


Name and mailing address f the ISA/US 
Commissioner of FRiems and Trademarks 
Box PCT 

Washington. D.C. 20231 
Facsimile No. (703) 305-3230 


r-T^7--s 4 7^94 

Auth rized ofHcer " . / / / \ 

CRAIG CHURCH ^^Ji^\ ^^^'^^^^^l^/^^ 
Telephone No. (703) 308^61 ' ^ ' 



Form P(rr/ISA/210 (second sheetXJuly 1992)* 



PCX 



WORLD INTELLECTUAL PROPERTY OROANIZAITON 
Intematianal Bureau 




INTERNATIONAL APPUCATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Pfttent Classification ^ : 
G21K 1/DO 



Al 



(11) International Publication Number: WO 98/58389 

(43) Intemati nal Publication Dale: 23 December 1998 (23.12.98) 



(21) International AppUcation Number: PCT/US98/13(M5 

(22) International Filing Date: 19 June 1998 (19^.98) 



(30) Priority Data: 
08/879^8 



19 June 1997 (19.06^ 



US 



(71) Applicant: CREATV MICROTECTH, INC. [USAJSJ; 11609 

Lake Potomac Drive, Potcmiac, MD 20854 (US). 

(72) Inventor: TANG, Cha-Mei; 11609 Lake Potomac Drive. 

Potomac, MD 20854 (US). 

(74) Agents: HOLMES, John, E. et al.; Roylancc, Abrams, Bcnlo 
& Goodman, LLP, 1225 Connecticut Avenue, N.W., Wash- 
ington, DC 20036 (US). 



(81) Designated States: AL, AM, AT, AT (Utility model), AU 
(Petty patent), AZ, BA. BB. BO. BR, BY, CA, CH, CN, CU. 
CZ, CZ (UtUity model), DE, DE (Utility modelX DK, DK 
(Utaity model), EE, EE (UtiUty model), ES, FX, H (Udlily 
model), GB, GE, GH. GM. GW, HU, ID, IL, IS, JP, KE. 
KG, KP, KR, KZ, LC LK, LR, LS, LT, LU, LV, MD, MG, 
MK, MN, MW, MX, NO, NZ, PL, PT, RO. RU. SD, SE, 
SG, SI, SK, SK (Utility model), SL, TJ, TM, TR, TT, UA, 
UG, UZ, VN, YU, ZW, ARIPO patent (GH, GM, KE, LS, 
MW, SD, SZ, UG, ZW), Eurasian patent (AM, AZ, BY. 
KG, KZ, MD, RU, TT, TM), Eurc^iean patent (AT, BE, CH, 
CY, DE, DK, ES, FI, PR, GB, C», m, IT, LU, MC, NL, 
PT, SE). OAPI patent (BP. BJ, CF, CG. CI, CM, GA. GN, 
ML, MR, NE, SN, TD, TG). 



Published 

f¥Wi iniemmional setarch reptfrt 
WUh amended claims. 



Date of publication of tiie 



daims: 

18 Febniaiy 1999(18.02^) 



(54) Tide: A METHOD AND APPARATUS FOR MAKING LARGE AREA TWO-DIMENSIONAL GRIDS 
(57) Abstract 



Disclosed are methods for making large 
area antiscatter grids consisting of focussed and 
unfocussed holes in sheets of metaL Ihe grid 
consists of tfam metal walls (30) surrounding 
hollow openings (31). Ihe projections of all 
walls converge to a focal spot in the focussed 
grid, and are parallel in an unfocussed grid. A 
grid havmg a large area is made by hiterlockhig 
togedier smaller grid pieces. A tall device is 
made by stacking layers of focussed grids. The 
openmgs of the grid can be filled with phosphor 
or other sdntiUating material (33) to make an 
faitegrated grid/scintillator structure. 




300 



BNSOOCID: <WO_9856389A1_IA> 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States paxty to the PCT oa the front pages of pamphlets publishing international plications under the PCT. 



AL 


Atbnia 


BS 


Spain 


LS 


Lcaodio 


SI 


Slovenia 


AM 




n 


Rnlnd 


LT 




SK 


Slovakia 


AT 


AystriA 


FR 




LU 


Loxcniboun 


8N 


Senegal 


AU 


Aumalla 


GA 


Gabon 


LV 


Latvia 


8Z 


Swaziland 


AZ 


Anteijm 


GB 


Unitsd Kiosdon 


MC 


Mooaoo 


TD 


Chad 


BA 


Bowi> end HcfiBSpylm 


GB 


Gecagii 


MD 


RepoMic of MoUofVft 


TG 


Togo 


BB 




OH 


Ghana 


MG 


Madagascar 


TJ 


Ti^kistan 


BE 








MK 


Thb fuimci Yngotlav 


TM 




BP 




cat 






Rqnbiic of MaoedOBia 


1R 


'ndoey 


BG 




HU 


HongBy 


ML 


Mafi 


TT 


TMnUndndlUfaiVO 


Bl 


Bwrfn 


IB 




MN 


MoQgDlia 


UA 


Uknltte 


BR 


Boin 


IL 


bntel 


MR 




UG 


Ugaoda 


BY 


Bduni 


IS 


ICNBMI 


MW 


Malawi 


US 


Unked SiatBB of Amerlcn 


CA 




IT 


Italy 


MX 


MflBdoo 


UZ 


UaMdttan 


CF 


Ctntnl AAicwi RfipoMic 


JP 


iipn 


NE 




VN 


Viet Nam 


CG 






Kenya 


NL 


YU 


Yogoatavia 


CH 


Switmiiod 


KG 


KyisyBtBi 


NO 


Nomy 


ZW 


d 


Cdced*Ivoiie 


KP 


Dwnocffatic Pteopto'a 


NZ 


New Zealand 






CM 


CameroGO 




RepobUc of K/om 


PL 


Poland 






CN 




KB 


Rqnblicof Kona 


PT 


Poftsgal 






CU 


Cuba 


KZ 


Kazakatan 


RO 






CZ 


Cxoch RqmUic 


LC 


Saint Luda 


RU 


Russian Fadentlon 






DB 


Gennaoy 


U 




SD 


Sudan 






DK 


DmuBk 


LK 


Sri Lanka 


SB 


Sweden 










LR 


Uberia 


8G 


SinnpoeB 







wo 98/58389 46 PCr/US98«304S 



AMENDED CLAIMS 
[received by the International Bureau on 16 December 1998 (16.12 98)- 
original claims 1. 2. 6, 10, 12, 15, 21, 23, 26-30, 32, 35-39 and 41 amended; 
new claims 44-53 added; remaining claims unchanged (11 pages)] 

1. Ainechodformakii^agcHcQmpridi^atleasconeia^ 
plurality of walls definite openings therein, and being adaptable for use with 
electromagnetic energy emitting devices, the method comprising the steps ofc 

appijring a resist coating onto a substrate structure; 

covering the resist with a ma^ having a plurality of apertures therein; 

irradiating rays of energjr onto the mask, such that sonie of the rsQTS of energy 
enter at least some of the apertures in the mask at an entering angle other than 0° with 
respea to a bom surface of the mask and strike portions of the resist 

removing the porrions of the resist that were irradiated by the r^ of energjr to 
create openings in the resist; and 

introducing material into the openings in the resist such that the inaterial forins 
the walls of the at least one layer of the grid. 

2. A inethod as claimed in claim 1, wherein the irradiatiiig step comprises 
the step of posirioning the front surface of the mask at a tilted angle other than 0° widi 
respea to a direction of propagarion of the rzys of energjr to cause the r^ of energy to 
enter said at least some of the apertures in the mask at the gmwi'rig ai^le. 

3. A method as claimed in daim 1, wherein the rays of 
energy are X-rays, and the resist is an X-r^ resist. 
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4. A method as claimed in claim 1 , wherein the rzys of energjr are UV rays, 
and the resist is a UV resisL 

5. A method as clainied in daim lywheinein the inm 
the step of electroplating the material into the openings in the resist. 

6. Aniethodasclainiedindaiml,whereintheinnoducingstq)con^^ 

of mtrodudng the material into the openings in the resist such that the "itfffrial fomis 
pordons, at least two of which interk)ckix^j|y couple together to form at least a poition of a 
said layer of the grid. 

7. Amethodas claimed in claim 6, further comprising the step of cotqplingiiie 
separate portions of the layer togedier to form said k^rer of the gtuL 

8. A medK>d as claimed in claim 1, further conqxrising die steps o£ 
repeating the apptying, covering, irradiating, removing and introducing steps to 

form another said of the grid; and 

stacking the liners of the grid such that walls of the layers are substaiitiallv aligned so 
that the openings indie hirers are substandally aligned to form openings which pass emird^ 
throu^ifae grid. 

9. A method as claimed in daim 7, fiirthgr mmprijging the yfepfr oft 
repeanng the appljong, covering, irradiating, removing, introducing and coupling 

steps to form anodier said byer of the grid; and 
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Stacking the layers of the grid such that walls of the layers are substanrialljr ^Aim^A so 
that the openings in the hyers are substandaSjr aligned to form openings wfauji pass ezmic^ 
through the grid 

• 

10. A method as claimed in claim 1, further comprising the step of filling at 
least some of the openings in at least some of the layers of the grid with a material ^s^iich 
srinnllares x-rs^ passing therethroi^^ 

11. A mediod as claimed in claim 10, wherein the material filled in ite 

openings 

in the filling step is one of phosphor or CsL 

12. A method as datmed in claim 7, wherein the cox^)Iing step comprises the 
step of couplii^ the separate portions of the grid togoher on a siq)port sut&ce. 

13. A method as claimed in claim 7, wherein the couplmg step composes 
the step of ghnng the separate poirions tc^ether. 

14. Amediod as claimed in claim 8, wherein when the intrcxiucing seep 
is beii^ repeated, the material introduced in the openiiigs is different than the 
material intrcxiuced into the openings when first per f ox m iu g the intitxiucing scq>, 

axid wherein the layers of differem materials are stacked on eadi 
stacking step. 
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15. Aixiethodlfor making a grid, con^>rising at least one layer having a pfijEaliry 
of walls defining openings therein, and being Q^ap-^Hf for use widi electromagnetic eneigr 
emitdng devices, the mediod conq>rising the steps o6' 

applying a resist coating onto a substrate stnia^ 

covering the resist widi a nia^ havii^ a plurafiiy of apertu^ 

inadiadng rayrs of energy onto the ma^ such that some of the xays of energy enter 

the s^ertuies in the mask and strike portions of the resist; 

removing the portions of the resist that were irradiated by the of energy to 

create openings in resist; and 

introducing material into the openings in the resist such that the material forms 

portions of the grid, at least two of which interioddng^y couple to each odier to collective^ 

form at least a portion of the walb of the at least oiie layor of the giid. 

16. Amethod as claimed in daim 15, wherein die rays of energy are X-n^^ a«H 
the resist is an X-ray resist. 

17. A method as claimed in claim 15, wherein the rays of energy are UV rays, 
and the resist is a UV resist. 

18. A method as claimed in daim 15^ 'vtdierein the intrtxlucii^ stq> comprises 
the step of electroplating the material mto die openings in die resisL 

19. A method as claimed in daim 15, further comprising the stqp of coi^fing 
the separate porrions of the layer together to form the at least one layer of the grid 
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20. A fnetfaod as claimed in claim 19, fiirtfaa: comprising the steps ofe 
repeating the applying, covering, inadiating, removing, inrnxiudng and coiq>ls^ 

steps to f omi another said layer of the grid; and 

stacking the layers of the grid such that walls of the la^ 
that the openings in the kyers are substantiaDy aH^ 
through the grid 

21. A method as clai me d in daim 15, further con^nising the step of fining at 
least some of the openings in at least some of the bym of the grid widx a material wiiidi 
scintillates x-rays passing therethnni^ 

22. A method as claimed in daim 2 1, wherein the material filled in the op gnmge 
in the filling step is one of phosphor or CsL 

23. A method as claimed in daim 19, wherein the coupling step conqnises the 
step of couplii^ the separate portions of the grid together on a support surbce. 

24. A method as claimed in daim 19, wherdn the coupling step comprises the 
step of gluing the separate portions togedier. 

25. A method as claimed in daim 20, whereb when the intxtxlucing step is 
being repeated, the material introduced in the openings is different than the material 
introduced into the openii^ when first perfonning the innodudi^ step, and wherein the 
1^^ of different marerials are stacked on each other during the stacking step. 
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26. A grid, adaptable for use widi deccromagnetic energy emins^ devices, 
comprising: 

at least one solid metal layer formfld ty glf>rrm p1grt-tng^ mmp rignp 

top atid bottom surfaces; and 

a pluraliy of solid imegtal walls, each exTffl^^ 
surface and having a pluraftjr of side surfaces, the side surfaces of the soEd integral walls 
being ammged to define a phiraliiy of opminge w frpnHmg entirely thmtigh th^ Igygr, at 
least some of the walls extending at an angle other than 90^ with respea to the top and 
bottom surfaces such that the direcdons in which the waDs «rCT d all converge at a point in 
space at a predetennined distance hx>m the front surface of said at least one hyer. 

27 • A grid as daimfd in daim 26, further conqorising a phuaHty of said hym 
whidi are stadoed on tc^ of each other sudi diat walls of the layers are substaniialV aligned 
so that the openix^ in the layers are substantial^ aligned to form openix^ whidi pass 
entxrdy tfaroi^^ the grid. 

28. A grid as claimed in claim 26, wherein said at least one layer comprises a 
phnaUty of secrions, each including a pordon of the top and bottom surfaces and some of 
said walls, at least two of said sections being coupled together to form at least a pordon of a 
said at least one layer. 

29. ^ A grid as claimed in daim 27, wherein each of the plurafiiy of layers 
comprises a plurality of interioddng secdons, each induding a portion of the top and 
bottom surfaces and at least one of said walls, said sections being coupled together to form 
a said at least one layer. 
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30. A grid as claimed in daim 26, wherein at least some of the openings in at 
least some of the la)rers*^of the grid are filled with a material which sdnriDates x-rsys passing 
tfaerethiDugli* 

32. A grid as claimed in daim 28, wherein the separate sections of die grid are 
coupled tc^ether on a siq>port surface.. 

33. A grid as claimed in daim 28, ^^^lecdn the sq>arate secdons are g^ued 
together. 

34. A grid as c l ai med in claim 27, wherein some of the layers are made of 
material different £com the material of which other of the layers are tnarl^^ and^v(4ierein the 
hym of difiFerent materials are stacked on each other. 

35. A grid, adaptable for use widi dectromagnecic energy #*nMiijpg devices, 
comprising: 

at least one layer comprising a plurality of solid metal sections formed by 
electroplating, each of the solid metal secdons inchTHing a top and bottom surface and a 
pluraU^ of solid integral waDs extending from the top to bottom surface anH having a 
phirali^ of side surfaces, the side surfaces of the solid im^ral walls being arranged to r^#»fin^ 
a phirality of openings ex te nd ing endrdjr through the section, ar least two of the phiraKiy of 
secdons being interiocking^y coupled tc^ether to form at least a poxtion of said at lease one 
lajner such that the top and bottom surfaces of the sections form top and bottom surface, 
respecdvelyr, of said at least one hyer^ and the walls of the secdons form the walk of g ^id at 
least one IsQ^. 
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36. A grid as claimed in daim 35, wfaerein at lease some of the walls of <^rh of 
the secnons of the at least one hyer extend at subscandallyr 90^ widi nespea to the top and 
boctom surfaces of their, coxiespondmg secdon.such that the-direcdons in whidi the waDs 
extend are substandallyr parallel widi each other. 

37. A grid as claimed in daim 35, wherein at least some of die walls of nrh of 
the secdons of said at least one layer extend at an angle other than substandalljr 90^ widi 
respect to the top and bottom surfisices of dieir c or respondii^ secnon g^i rh thqr the 
dxrecdons in which the walls extend all converge at a point in space at a predetermined 
distance from the &ont surface of said at least one hyctm 

38. A grid as claimed in daim 35, further conqsrisii^ a pkualhy of said layers 
^4udi are stadced on top of each other such that walls of the layers are substantiallyr iiKgnp<4 
so that the openings in the hym are subscantialljr aligned to form openir^ ^^(^lidi pass 
entirely dirx)u^ the grid. 

39. A grid as claimed in daim 35, wherein at least some of the openings m ac 
least some of die layers of the grid are filled with a material whidi sdntillates x-r^ passing 
theredirough* 

40. A grid as claimed in daim 39, Tt^erein the material fill f^ in the openings is 
(»ie of phosfdior or GsL 
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41. A grid as claimed in daim 35, wherein the separate sections of the ffid ate 
coupled tc^ether on a siq>port suxface. 



4Z A grid as claimed in daim 35, wfaecdn die separate sections of die grid 
ghied together. 



43. A grid as claimed in claim 38, wherein some of the liners are m ^df of a 
material differem than the material of which odier of tte 

of different materials are stacked on eadi other, 

44. A niediod as claimed in daim lyfurdierccmiprisirig the s 

removii^ the photoresist and the substrate from the material fonnir^ the walls 
of the grid. 

45. A method as claimed in daun 15, furdier comprisii^the step of: 
removing the photoresist and the substrate from the material forming the 

portions of the grid 

46. A grid produced by the method of claim 1. 

47. Agridprcxhicedbythemediodof claim 15. 

48. A mediod as claimed in claim 1, further comprising the step ofc 

applying at least one metal Skn onto a substrate to form said substrate structure; 

and 
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wfaeidn said resist app^ong seep applies said resist coating onto said metal film of 
said suborate structure. 



49. A molipd as daimed mjdsu^ 15, fur^ff comprisii^ the seep oh. 
applying at least one metal film omo a substrate to form said substrate stmcture; and 

wherein said resist applying step applies said resist coatii^ onto said metal film of 
said substrate stmcture. 

50. A method as claimed in claim 8, ^(^lecein: 

each of said kyers of said giid have alignment openings therein; and 

the mediod further conqnises the step of inserting alignment p^ into said 

alignment openings to substannaUyr align said openings in said layers when said hyers are 

stadced in the staddng stq). 

5L A method as claimed in daim 20, whecdn: 

each of said of said grid have a%nment opcxungs ThffTffiini and 

the method further coixq>nses the step of insening alignrnent p^ into said 

alignment, openings to substantial^ align said openings in said layers when said hyers are 

stacked in the staddng step. 

52. Agridasclain3edindami54,wherQn: 
each of said layers of said grid have alignmwir 

openings thftrf^'nj and 
the grid further con^irises alignmenr pegs which are inserted into said aligmnenr 
openings to substannaltya%i said openii^ in said layers when said layers are stacked 
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53. Agndasdaiinedmclaim43,wfaadn: 
eadb of said kyen of saki gnd have aligpment openings theran; and 
the grid further comprises alignment pegs which are inserted into said alignment 
openings to substantialh^ align said openings in said layro 
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